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ABSTRACT 
 In this ever-fast running modern world of technologies, bioinformatics is not 
lagging behind. It is now possible to connect one’s smart phone to the huge database of 
bioinformatics where one can find thousands of gene and organism information in a few 
seconds. This project of an Android mobile application is another dimension that has been 
added to the features of smart phones. This mobile app will allow the researchers and the 
students in the field of bioinformatics to have access to the NCBI website’s BLAST protein 
sequences as well as the Blosum62 matrix used for the Smith-Waterman algorithm to 
identify and deduce similarities between sequences. Local alignment and global alignment 
features were selected for the application. Upon testing of the programming language Java 
was found to be the most optimal language. On the basis of time complexity, space 
complexity etc. Smith-Waterman and BLAST algorithms were chosen for the application. 
First the algorithms were implemented for the computer system using Java. This was done 
in two parts, firstly implementation of the algorithms and secondly parsing data from the 
database server. Gradually the program was incorporated into smart phone system. Finally, 
the application was evaluated in the smart phone system using both sequence input and 
accession ID input of protein sequences. The results obtained from the app in the smart 
phone system were compared to the existing computer system which proved that new 
system is providing the same results. In future this app will be expanded to other platforms 
of mobile operating systems and additional functions will be added. 
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1. INTRODUCTION 
1.1 Biotechnology, genetics and bioinformatics 
Modern technology is the wave in science. It represents an interface of basic and 
applied sciences with gradual and subtle transformation of science into technology. Over 
the past twenty five years, a mere sliver of recorded time, the world of biology and indeed 
the world in general has been transformed by the technical tools of a field now known as 
Biotechnology.  
Biotechnology is defined as the application of scientific and engineering principles 
to the processing of materials by biological agents to provide goods and services. Since the 
inception of the word ‘biotechnology’ in 1919, this had made changes in various life 
science processes to improve existence. Biotechnology comprises a number of 
technologies based up on increasing understanding of biology at the cellular and molecular 
levels [1]. Biotechnology has impactful applications on a vast number of fields. Biotech 
has been producing innumerable new products that have the possibility to alter our lives 
for the betterment [2]. Genetically modified crops, transgenic animals, DNA recombinant 
medicines, genetically engineered microbes for waste management and also biosensors 
have improved our life. Biotechnology plays a big role in the biofuels industry also.  
Enhancing plant and animal behavior by traditional methods like cross-pollination, 
grafting, and cross-breeding are time-consuming. Biotech advancement has led for specific 
changes to be made rapidly, on a molecular level through over-expression or removal of 
genes, or by introduction of foreign genes. Environmental biotechnology gives response to 
a chemical that helps to measure the level of damage caused or the exposure of the toxic 
or the pollution effect caused, so it can be regulated accordingly. Even in forensic analysis, 
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biotechnology has brought huge positive changes. With the use of minimum amount of 
DNA samples from a crime scene or body it is now possible to identify the criminal or 
determine the percentage and pedigree. All these have been possible because of the 
knowledge of genetics.  
Genetics has progressed rapidly in the last few decades. Genetics in general is the 
study of genes, characters heredity, and genetic variation in living organisms. A distinct 
part of genetics is genomics, which works on recombinant DNA and DNA sequencing 
methods. Bioinformatics assemble these sequences and analyze the function and structure 
of genomes. These activities completely define genomics. Increased understanding of 
human genetics has the potential to predict how people, depending on their precise genetic 
makeup, will respond to certain drugs and environment condition. Genomics along with 
proteomic which deals with protein structures, function and protein interaction in 
physiological metabolic pathways, now it is possible to develop personalized medicine. 
Pharmacokinetics analyze the DNA and can tell intolerance or side effects of a drug 
application may cause. Viewing these importance of human genome sequence New 
Zealand has established a databank of DNA profiles. It contains over 70,000 DNA profiles 
[3].  
All these achievements have now become possible because of our present 
understanding of DNA at molecular level. For better understanding of central molecular 
dogma of life and implementation of biotechnology there is Bioinformatics; a discipline 
that has been developed to improve on methods for storing, retrieving, organizing and 
analyzing molecular data at DNA and protein levels [4]. One of the major activity in 
bioinformatics is to develop software tools to generate useful biological knowledge. The 
other activities include deciphering this data to understand the life system at DNA and 
protein levels, and also to understand the interaction of DNA and proteins and cell 
signaling.  
 
  
3 
 
1.2 Popularity of smartphones 
In recent times there is a sensation that has spread around the globe expeditiously 
and it is smart phones. Smart phone usage is increasing due to its functionality. There are 
statistics that suggest that, mobile phones may someday overtake desktop computers for 
personal use.  A study in 2009 by The Nielsen Company found that, an escalating rate of 
smart phones usage among American wireless subscribers is 14% at the end of 2008; 19% 
in Q3 2009 and 21% in Q4 2009. According to Roger Entner, Senior Vice President of 
Research and Insights in Nielsen’s Telecom Practice, the study findings indicated that in 
2009, the United States was “at the beginning of a new wireless era where smart phones 
will become the standard device consumers will use to connect to friends, the Internet and 
the world at large” [5].  
1.3 Bioinformatics in smartphones 
National Center for Biotechnology Information (NCBI) is basically a database that 
combines biotechnology, genomics and bioinformatics and brings them to our disposal to 
use as we please. NCBI does not only have a GenBank, a nucleic acid sequence database 
but also provides analysis and retrieve resources for the data in GenBank and other 
biological data that is made available through the NCBI website. So NCBI is the ultimate 
tool for those in the biotechnology or genetics field. The preliminary data of NCBI gives 
the base line information to do further study in genomics, proteomics and cell signaling 
thus gives in some idea of how life functions. Therefore, availability of these useful 
primary database in smart phones will make this vast information hub at our disposal 24*7. 
This will benefit the researchers and scientists immensely. The database and resources of 
NCBI at our fingertips anytime anywhere. No one would have to wait to get in front of a 
personal computer if they have a query suddenly comes to mind. If such an application is 
made for the smart phone, it will make the entire field of bioinformatics progress faster, 
not to mention make life easier for the researchers. 
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However, implementing such an application into the smart phone has several 
stages. Moreover, there are several factors that need to be taken under consideration. For 
example which available algorithm would be best suited for the smart phone systems? 
More importantly, how it will affect the time complexity and the space complexity of the 
operations and databases. Finally, efficiency of the data retrieval and comparison with the 
presently used mode at personal computer. Thus, this paper will elaborate on these factors 
and try to produce an optimal application for the smart phones. 
1.4 Review on programming languages for bioinformatics 
 “Bioinfo7rmatic analyses involve a range of tasks and processes. Diverse programs 
have been written for various bioinformatics applications using every available language. 
Because of the size of bioinformatics datasets, computation time is not trivial, and 
efficiencies in computational speed are desirable” [6]. There are a range of programming 
languages to choose from. Some of them are C, C++, C#, Java, Perl, and Python. The 
mentioned languages can be divided into three groups. Perl and Python are the script group, 
Java and C# in semi-compiled group and C and C++ in the compiled group [6]. These 
languages are broadly used by many programmers to code BLAST algorithms in 
bioinformatics. Yet some of these languages performs quite differently from each other. C 
and C++ gives the fast performance among the languages that was mentioned earlier. On 
the other hand Perl, and Python are better than everyone else in terms of performances. 
“Java and C# appeared to be a compromise between the flexibility of Perl and Python and 
the fast performance of C and C++. The relative performance of the tested languages did 
not change from Windows to Linux and no clear evidence of a faster operating system was 
found” [6]. 
1.5 Objectives 
Biotechnology and bioinformatics has advanced very significantly in the last 
decade. So biological data are being produced at a phenomenal rate. Due to this vast nature 
of data, it is not only big challenge for biology but also challenge for computation. 
  
5 
 
Unfortunately, still there is no application made based on the smart phone system to 
provide assistance to the scientific community. Therefore, the goal of the current study is 
to consider the factors and provide the best possible application for the bioinformatics 
researchers.  This thesis is mainly based on developing a mobile application which will 
perform BLAST analysis by providing protein sequence or accession ID and also local 
alignment of two given protein sequences. To make such an application, all the available 
algorithms would have to be considered and tested to find the best suited algorithm for the 
application, according to the smartphone platform and user requirements. A proper 
database would also have to be selected among the available ones. To implement the local 
and global alignment algorithms, the existing programming languages would have to be 
compared to find the best suited one for the smartphone application. Among them 
accessible web designing tools the best one would have to be implemented to connect the 
smartphone application to the database server. Finally a user friendly interface would have 
to be implemented to ensure comfortable use by consumers. 
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2. MATERIALS AND TOOLS 
2.1 Materials 
2.1.1 Java 
 Java is one of the most used programming language by the developers. It is widely 
used because it is concurrent, class-based and object-oriented. “Write once, run anywhere” 
(WORA) meaning that, it can be run in any device that supports java without being 
recompiled. Java programs can be run on any Java Virtual Machine (JVM). Furthermore, 
Java is very much the first choice for any developers if they intend to make web 
applications based on client-server. Java was originally developed by James Gosling at Sun 
Microsystems on 1995 which is now acquired by Oracle Corporation. Much of Java’s 
syntax are derived from the other programming languages like C and C++ but its low-level 
facilities are fewer. 
 
Fig 2.1. Logo of Java by Oracle Corporation. 
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2.1.2 Java Development Kit 
 Java Development Kit (JDK) is an implementation of Java SE or Java EE or Java 
ME platforms. It was also released by the Oracle Corporation. It is in the form of binary 
product. The target users of JDK are the Java developers on Linux, Mac OS, Windows or 
Solaris. JDK uses JVM and some other resources to finalize the development of a Java 
application. Today, JDK is the most used Software Development Kit (SDK). JDK itself 
has a collection of programming tools. Some of them are appletviewer, javac, javadoc, jar, 
JConsole, keytool, pack200, VisualVM. There are some other JDKs that are used in some 
other platforms. For example, Azul Systems for Linux, OpenJDK based on Zulu for Linux, 
Windows, Mac OS X, Oracle Corporation’s JRockit JDK for Windows, Linux and Solaris, 
IBM J9 JDK for AIX, Linux, Windows, MVS, OS/400, Pocket PC, z/OS. 
 
Fig. 2.2. Logo of JDK by Oracle Corporation. 
2.1.3 Smith-Waterman algorithm 
 Smith-Waterman algorithm is a dynamic programming algorithm. It was developed 
in 1981 by Temple F. Smith and Machael Waterman. This algorithm performs Local 
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alignment and used in the bioinformatics to align DNA or protein sequences to find out the 
similar regions of the given two sequences. Instead of aligning the entire length of two 
protein sequences, this algorithm finds the region of highest similarity between two protein 
sequences. This is potentially more biologically relevant due to the fact that the ends of 
protein sequences tend to be less highly conserved than the middle portions, leading to 
higher mutation, deletion, and insertion rates at the end of the protein sequence. The Smith-
Waterman algorithm allows us to align proteins more accurately without having to align 
the ends of related protein which may be highly different [8].  The algorithm of the Smith-
Waterman written in pseudo code is given below. 
 Initialization: 
F (0, j) = 0 
F (i, 0) = 0 
Filling Matrix: 
for each i, j = 0 to M, N { 
F (i, j) = max (0, F(i - 1,j - 1) + s, F(I - 1, j) – d, F(i, j - 1)  –  d) } 
 Traceback: 
  𝐹𝑜𝑝𝑡 = max (F (i, j)) 
traceback (𝐹𝑜𝑝𝑡) 
 Here, 
• M and N is the length of the two sequences 
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• F is the Matrix 
• F (i, j) is the maximum Similarity-Score between a suffix of a[1...i] and a 
suffix of b[1...j] 
• S and d are gap scoring 
 In the smith-Waterman algorithm to fill the matrix, the matrix for negative values 
is considered as 0 as potentially being the maximum value of the three other cases (where 
xi=yj, or there is a gap in x or a gap in y). By not letting any of the values go below zero, 
the algorithm stop considering regions of high dissimilarity which have no good 
alignments. This allows the algorithm to focus on only those regions of the protein which 
are similar. For traceback, this algorithm doesn’t start at the n-terminus of both sequences, 
rather it starts at the cell with the highest score in the entire matrix. This allows the 
alignment of the similar subsequences of the proteins [8]. 
2.1.4 BLAST algorithm 
 BLAST, stands for Basic Local Alignment Search Tool, is an algorithm which 
compares the primary biological sequences information such as nucleotide of DNA 
sequences and different types of protein sequences. The BLAST algorithm and program 
were designed by Stephen Altschul, Warren Gish, Webb Miller, Eugene Myers, and David 
J. Lipman at the National Institutes of Health and was published in the “Journal of 
Molecular Biology” in 1990 and cited over 50,000 times. A BLAST search enables a 
researcher to compare a query sequence with a library or database of sequences. This 
algorithm was developed to perform sequences similarity search of DNA or protein 
sequences that is faster than FASTA but equally sensitive [14]. BLAST use heuristic 
approach to find out the similarities which helps the program to run fast. It also provides 
an approximate output when the exact output doesn’t exist. 
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 For rapid reformatting of search results and enhancement of server, new queuing 
system has been implemented for BLAST which is called “QBLAST”. The BLAST 
algorithm has not changed; QBLAST simply offers a modular approach that separates the 
search step from the output formatting step [15]. An overview of the BLAST algorithm (a 
protein to protein search) is as follows. 
1. Remove low-complexity region or sequence repeats in the query sequence. 
"Low-complexity region" means a region of a sequence composed of few kinds 
of elements. These regions might give high scores that confuse the program to 
find the actual significant sequences in the database, so they should be filtered 
out. The regions will be marked with an X (protein sequences) then would be 
ignored by the BLAST program. To filter out the low-complexity regions, the 
SEG program is used for protein sequences. 
2. Make a k-letter word list of the query sequence. 
3. List the possible matching words. BLAST only cares about the high-scoring 
words. The scores are created by comparing the word in the list in step 2 with 
all the 3-letter words. By using the scoring matrix (substitution matrix) to score 
the comparison of each residue pair, there are 203 possible match scores for a 
3-letter word. 
4. Organize the remaining high-scoring words into an efficient search tree. This 
allows the program to rapidly compare the high-scoring words to the database 
sequences. 
5. Repeat step 3 to 4 for each k-letter word in the query sequence. 
6. Scan the database sequences for exact matches with the remaining high-scoring 
words. The BLAST program scans the database sequences for the remaining 
high-scoring word, such as PEG, of each position. If an exact match is found, 
this match is used to seed a possible un-gapped alignment between the query 
and database sequences. 
7. Extend the exact matches to high-scoring segment pair (HSP). 
a. The original version of BLAST stretches a longer alignment between the 
query and the database sequences in the left and right directions, from the 
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position where the exact match occurred. The extension does not stop until 
the accumulated total score of the HSP begins to decrease. 
b. To save more time, a newer version of BLAST, called BLAST2 or gapped 
BLAST, has been developed. BLAST2 adopts a lower neighborhood word 
score threshold to maintain the same level of sensitivity for detecting 
sequence similarity. Therefore, the possible matching words list in step 3 
becomes longer. Next, the exact matched regions, within distance A from 
each other on the same diagonal in figure 3, will be joined as a longer new 
region. Finally, the new regions are then extended by the same method as 
in the original version of BLAST, and the HSPs' (High-scoring segment 
pair) scores of the extended regions are then created by using a substitution 
matrix as before. 
8. List all of the HSPs in the database whose score is high enough to be considered. 
We list the HSPs whose scores are greater than the empirically determined 
cutoff score S. By examining the distribution of the alignment scores modeled 
by comparing random sequences, a cutoff score S can be determined such that 
its value is large enough to guarantee the significance of the remaining HSPs. 
9. Evaluate the significance of the HSP score. 
10. Make two or more HSP regions into a longer alignment. Sometimes, we find 
two or more HSP regions in one database sequence that can be made into a 
longer alignment. This provides additional evidence of the relation between the 
query and database sequence. There are two methods, the Poisson method and 
the sum-of-scores method, to compare the significance of the newly combined 
HSP regions.  
11. Show the gapped Smith-Waterman local alignments of the query and each of 
the matched database sequences. 
a. The original BLAST only generates un-gapped alignments including the 
initially found HSPs individually, even when there is more than one HSP 
found in one database sequence.  
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b. BLAST2 produces a single alignment with gaps that can include all of the 
initially-found HSP regions. Note that the computation of the score and its 
corresponding E-value involves use of adequate gap penalties. 
12. Report every match whose expect score is lower than a threshold parameter E. 
2.2 Tools 
2.2.1 PHP 
 PHP is a server-side scripting language designed for the developers for web 
development. It is a broadly used language by the developers to build different kind of 
websites. PHP stands for Personal Home Page. It now stands for the recursive backronym. 
PHP codes are basically embedded into HTML code. It can also be used by combining 
with various web template systems as well as different web frameworks. PHP codes are 
processed by a PHP interpreter that is a module in the web server. 
 
Fig. 2.3. Logo of PHP. 
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2.2.2 HTML5 
 Hypertext Markup Language (HTML) is the standard language to create web pages. 
Web browsers can read HTML files and transfer them to visual or audible online web 
pages. HTML elements are like the building blocks for any website. By combining both 
PHP and HTML, a website is designed successfully with color being added by CSS. HTML 
is based on many attributes. It has hundreds of attributes to work with and more attributes 
are being generated over a short period of time. HTML5 is published on 28 October 2014 
by the World Wide Web Consortium (W3C). It is the fifth version of the HTML standard. 
Its main focus is to support the latest multimedia and also to keep it simple for the user on 
World Wide Web. Some of the new features that HTML5 has included are <video>, 
<audio> and <canvas> elements in the attributes. Integration of scalable vector graphs 
(SVG) content and MathML are some of the major inclusion for mathematical formuli. 
These features are included so that, developers don’t need to have resort to property plugins 
and APIs. 
 
Fig. 2.4. HTML 5 logo. 
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2.2.3 Eclipse 
 Eclipse was first launched in the November, 2001. It was then launched by IBM 
including seven other companies. Since then it is an open source project. Since it had been 
published, Eclipse has gone beyond every ounce of expectations. Still now it is one of the 
greatest developing platforms for the developers. Some of the major projects are now run 
by eclipse.org. Hundreds of thousands of products are built on eclipse platform till date. 
Lots of institutions around the world are now using Eclipse to teach students Java. With all 
these great assets eclipse.org is still an open source learning material for all the developers 
out there in the current world [7]. Eclipse updates their versions quite regularly. Though 
there are newer versions of Eclipse, Eclipse Juno was used throughout the coding period 
with no much great importance given on the selection of versions to be used. 
2.2.4 Eclipse ADT (Android Development Tools) 
 To build Android applications, Google has provided a plugin for the Eclipse IDE 
that is called the Eclipse ADT (Android Development Tools). It gives the developer access 
in the deigning and coding part of the Android world of applications. 
 
Fig. 2.5. Eclipse logo. 
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2.2.5 XAMPP 
 XAMPP is a widely used server which is free and runs on open source cross-
platforms. It was developed by the Apache Friends. It consists the Apache HTTP Server, 
MariaDB database and scripts for PHP and Perl Programming Language. XAMPP 
basically stands for Cross-Platform (X), Apache (A), MariaDB (M), PHP (P), Perl (P). 
XAMPP is widely used by the web developers to create temporary servers to test their 
websites. XAMPP uses a localhost with the IP address 127.0.0.1. XAMPP derives the 
personal computer to a local server and can be reached under the same network to test the 
websites as a temporary domain. 
 
Fig. 2.6. XAMPP logo. 
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3. RESULTS 
3.1 Comparison between programming languages 
 As from reference no. [6], a survey result shows comparisons among some of the 
languages that are usually used to code in bioinformatics. These languages are C, C++, C#, 
Java, Perl and Python. Perl and Python were the slowest amongst those six languages that 
were compared for local alignment program. For the same code and program that were run 
on Linux and Windows respectively gave the fastest outcome for C, C++, C# and Java 
written code.  
 For BLAST parsing program C was the fastest. The other three languages C++, 
Java and Perl are relatively slow and took almost the same amount of time. Among the six 
languages C# and Python were the slowest. All the languages were faster on Linux platform 
in comparison to Windows platform.  
 Perl and Python consumed the most memory in terms of local alignment. C, C++ 
C# and Java consumed the same amount of memory but all of them were pretty much 
memory efficient in comparison to Perl and Python. 
 For BLAST, C and C++ consumed the highest amount of memory. On the other 
hand, C#, Java, Perl and Python were less consuming and effectively more efficient. All of 
them were run on both Linux and Windows platform but didn’t differ much. 
 Results of these surveys effectively shown that, C was the best performer both in 
terms of speed and memory usage but that effectively took more lines of codes to be written 
as it doesn’t use much standard libraries. On the other hand, Java is a portable web oriented 
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language. Sun is consistently improving the Java compiler and interpreter and other JVM 
implementations. Moreover, Java uses many standard libraries which affects the 
performance and memory usage greatly and also reduces the huge amount of lines of codes. 
Java also provides with the advantage of running the program on any machine that has 
JDK. As a result, Java was chosen to write the raw level code of this project from the 
scratch. 
3.2 Programming of different algorithms 
 After the selection of the Java language over the other languages e.g. C, C++, C#, 
Perl and Python, raw Java code was written for all the three algorithms, Smith-Waterman, 
Needleman-Wunsch and BLAST. Some of the Java APIs that were used are given below. 
org.biojava.nbio.ws.alignment.qblast.BlastAlignmentParameterEnum.ENTREZ_
QUERY; 
org.biojava.nbio.core.sequence.io.util.IOUtils; 
org.biojava.nbio.ws.alignment.qblast.*; 
java.nio.file.Files; 
java.nio.file.Paths; 
These codes were written so that a comparison can be made among the three algorithms 
and the best suited one can be selected for the mobile application development. 
3.3 Comparison between algorithms 
The challenge in performing sequence alignments has been the tradeoff between 
accuracy and efficiency [8]. There are many different algorithms available for sequence 
alignments. Among them most commonly used algorithms are BLAST, Smith-Waterman, 
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Needleman-Wunsch algorithm etc. Finding optimal alignment and high computational 
complexity is the main feature of Needleman-Wunsch and Smith-Waterman algorithms. 
On the other hand, BLAST is much faster than the other two in giving response to any 
query. While choosing among these algorithms, the faster responding ones were preferred 
which were able to handle the ever increasing vast database of DNA and protein sequences 
[8]. 
Needleman-Wunsch and Smith-Waterman algorithm are almost same. They have 
the same space complexity. In addition, both of these algorithms are dynamic, which 
ensures a similar reaction time to any query. Smith-Waterman and Needleman-Wunsch 
algorithms are very much time consuming and also require strong support from computer 
power. BLAST is a very well regarded algorithm to produce results rapidly [9]. BLAST 
also uses a heuristic approach which is significantly faster than the dynamic programming 
algorithms [8]. The time complexity, space complexity and programming method of 
BLAST, Smith-Waterman and Needleman-Wunsch are given below in the table (3.1). 
Table 3.1 
Comparisons among Smith-Waterman, Needleman-Wunsch and BLAST 
algorithms. 
Name of  the 
algorithm 
Time 
complexity 
Space 
complexity 
Programming Computation 
complexity 
BLAST O(MN) O(20w + 
MN) 
Heuristic O(20w) 
Smith-
Waterman 
O(MN) O(MN) Dynamic O(MN) 
Needleman-
Wunsch 
O(MN) O(MN) Dynamic O(MN) 
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Table 3.1 shows the time complexity of BLAST, Smith-Waterman and Needleman-
Wunsch. They are quite the same and have identical time complexity and space complexity, 
O(MN). For space complexity, BLAST has the highest value over Smith-Waterman and 
Needleman-Wunsch. But all of them require the same amount of space to run the program. 
Dynamic algorithm is a recursive process and by avoiding multiple calculations it should 
be able to save the value that already has been calculated thus the algorithm will run faster 
than ever [10]. Heuristic programming is good for feasible and satisfactory solutions in a 
few seconds [11]. Lastly, BLAST provides low computational complexity O(20𝑤 +𝑀𝑁) 
compared to other two algorithms which require O(MN) . 
In addition to the above values, all three algorithms were put into test and scores 
were evaluated. “The alignment with the largest score must be the optimal alignment.”[8]. 
As a result, by inserting the same sequence, some results were tested out and observed, 
which one produces the largest score in the system. 
The input of protein sequences are given below: 
Sequence 1: 
MKWVTFISLLFLFSSAYSRGVFRRDAHKSEVAHRFKDLGEENFKALVLIAFAQYL
QQCP 
Sequence 2: 
MKWVTFISLLFLFSSAYSRGVFRRDAHKSEVAHRFKDLGEENFKALVLIAFAQYL
QQCP 
With the help of the NCBI database server, we had run the BLAST algorithm to 
find out the matched sequence. Input sequence is in the red circle (Figure 3.1). 
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Fig. 3.1. Running BLAST algorithm by giving a sequence. 
The highest score was 317 (mark in red circle) with the same sequence string as shown in 
(Figure 3.2). 
 
Fig. 3.2. Results after running BLAST algorithm, in XML format. 
To run the entire database, for this particular sequence BTAST took 25 seconds (Figure 
3.3). 
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Fig. 3.3: BLAST analysis with time record. 
 The same sequence was inserted in the Needlmen-Wunsch algorithm and the score 
was 59 (marked in red circle) and to compare with only one string, it took about 2 seconds 
(marked in blue circle). Detailed result is given below (Figure 3.4). 
 
Fig. 3.4. Result of the Needleman-Wunsch algorithm with time recorded. 
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 Finally, the same strings were tested on the Smith-Waterman algorithm and the 
score was 118 (marked in red circle) (Figure 3.5). Apart from that, it took 1 second to 
compare two sequences (marked in blue circle) (Figure 3.6). 
 
Fig. 3.5. Result of Smith-Waterman algorithm. 
 
Fig. 3.6. Result of Smith-Waterman algorithm with time recorded. 
The above results demonstrate that, BLAST was the most efficient and appropriate 
algorithm as it had given the highest score. Moreover, running a sequence alignment search 
against the whole database took the least amount of time in BLAST. On the other hand, 
Smith-Waterman and Needleman-Wunsch took almost 2 seconds for only one string 
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comparison. Along with that Smith-Waterman and Needleman algorithms were also 
applicable for local alignment while BLAST could be applied for both local and multiple 
alignments. For these reasons BLAST algorithm was considered for future use in the smart 
phone application system. 
3.4 Selection of the main features for the application 
 Feature selection is a process in which subsets of available features are selected for 
application in prediction models [12]. Two major features of the mobile application were 
(i) analyzing local alignment and (ii) BLAST analysis. By giving protein sequences or 
accession IDs, users could analyze the BLAST algorithm and get the result from the NCBI 
website accurately. Providing two either DNA sequences or protein sequences, users can 
analyze local alignment and get the matched score if positive or zero. 
3.5 Programming for the mobile application and features adjustment 
 The basic programming was done on the Eclipse Juno ADT. The whole coding part 
was started from the scratch. The application had six layouts including a splash screen that 
glorifies the application name “BLAST Sequence”. After the splash screen, the main 
activity layout would show two main features of the application, “Local Alignment” and 
“BLAST”.  
Smith-Waterman algorithm was used to write the code for the local alignment. 
Clicking on the “Local Alignment” button would prompt the user to the local alignment 
activity where the user would be able to enter two sequences either DNA or protein of 
his/her like. After the successful inclusion of the two sequences the user may proceed to 
click the “Get Score” button which will show the result on the bottom of the screen 
“Alignment Score: xxx”.  
The “BLAST” button would prompt the user to the BLAST activity where it would 
ask the user to insert a sequence of any length on the search bar. Then the user might 
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proceed to the “BLAST” button. The “BLAST” button sent the sequence to the NCBI 
server. Then the server responded after a few moments. After some time, there would came 
a toast that would say where the result would be saved on the server as well as the time that 
the app was on sleep in the process of getting the result from the NCBI website. Then there 
would appear a “Result” button. After clicking the “Result” button the user would be 
prompted to a new activity layout where a “Parse” button would appear. This “Parse” 
button usually parses the result from the NCBI website. Clicking of the “Parse” button the 
user would get the result where he would find the best matched sequences in a decreasing 
order. The following information would be provided in this layout: 
a. Query information (Accession ID, Organism name) 
b. Identity 
c. E-value 
d. Bit score 
e. Matched query sequence 
f. Score 
All the features of the mobile application are given below (Figure 3.7). 
    
Fig. 3.7. Mobile application and its basic features. 
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3.6 Programming for the server 
 The programming part of the server was done in PHP and HTML5. XAMPP was 
used to build a local server. The server part basically would get the input sequence from 
the user from the mobile application “BLAST” activity then it would send it to the NCBI 
website server. After getting the response and the result from the NCBI website, the results 
would be saved on the server database. When the user clicks on the “Result” button of the 
mobile application, the server then would parse the result from the database and then would 
sent the results to the “Result” layout. 
3.7 Evaluation of the application with computer system 
 Results were evaluated by comparing the results of the computer system and the 
mobile system. Same protein sequences were given in both the computer and the mobile 
application. Analysis of the sequences using BLAST is given below (Figure 3.8). 
Input Sequence: 
MKWVTFISLLFLFSSAYSRGVFRRDAHKSEVAHRFKDLGEENFKALVLIAFAQYL
QQCP 
 
Fig. 3.8. The DNA sequence is given as input and the BLAST button is clicked for 
analysis. 
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The results from the mobile application (Figure 3.9) and the computer system are given 
below (Figure 3.10). 
 
Fig. 3.9. Results of BLAST analysis in the mobile application. 
 
Fig. 3.10. BLAST results from computer system. 
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 Results could also be driven from the mobile system using the Accession ID in the 
BLAST layout where previously the sequence was put (Figure 3.11). 
Accession ID: EAX05664.1 
 
Fig. 3.11. The Accession ID is given as input and the BLAST button is clicked for 
analysis. 
Results are shown below from android application (Figure 3.12) and computer systems 
(Figure 3.13). 
 
Fig. 3.12. Results of BLAST analysis in the mobile application. 
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Fig. 3.13. BLAST results from computer system. 
 For the local alignment, two protein sequences were given and the score was 
checked if positive or zero (Figure 3.14). 
Input Sequence 1: 
MKWVTFISLLFLFSSAYSRGVFRRDAHKSEVAHRFKDLGEENFKALVLIAFAQYL
QQCP 
Input Sequence 2: 
MKWVTFISLLFLFSSAYSRGVFRRDAHKSEVAHRFKDLGEENFKALVLIAFAQYL
QQCP 
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Fig. 3.14. Protein input sequences are given to generate score. 
For the given protein sequences, the result score was 118. That means there are similarities 
between the given sequences. For the local alignment, two DNA sequences were given and 
the score was checked if positive or zero (Figure 3.15). 
Input sequence 1: ACAAGATGCCATTGTCCCCCGGCCTCCTG 
Input sequence 2: ACAAGATGCCATTGTCCCCCGGCCTCCTG 
  
Fig. 3.15. DNA input sequences are given to generate score. 
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From the above image, it is clear that the sequence is matched to the input sequence 
as a result the output is greater than ‘0’. If there wasn’t any match between the inputs DNA 
sequences then there wouldn’t have been any score to show except ‘0’. The result can only 
be ‘0’ when there isn’t any match between the input sequences. For these particular 
sequences the result is 58 so the user can take these sequences for further research. 
3.7.1 Evaluation of results for some more protein sequences and accession IDs: 
Similarly some other inputs were given and the results were recorded. Images of 
the results of both the mobile application alongside the computer systems are given below 
to check for accuracy (Figure 3.16 – 3.21). 
Sequences: 
a. QIKDLLVSSSTDLDTTLVLVNAIYFKGMWKTAFNAEDTREMPFHVTKQES
KPVQMMCMNNSFNVATLPAE 
b. KMKILELPFASGDLSMLVLLPDEVSDLERIEKTINFEKLTEWTNPNTMEKR
RVKVYLPQMKIEEKYNLTS 
c. VLMALGMTDLFIPSANLTGISSAESLKISQAVHGAFMELSEDGIEMAGSTG
VIEDIKHSPESEQFRADHPFLFLIKHNPTNTIVYFGRYWSP 
Accession IDs: 
a. NP_001034065.1 
b. XP_004429030.1 
c. KQL88370.1 
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Sequence: 
QIKDLLVSSSTDLDTTLVLVNAIYFKGMWKTAFNAEDTREMPFHVTKQESKPVQ
MMCMNNSFNVATLPAE 
   
 
Fig. 3.16. Comparison of results for the same given input. 
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Sequence: 
KMKILELPFASGDLSMLVLLPDEVSDLERIEKTINFEKLTEWTNPNTMEKRRVKV
YLPQMKIEEKYNLTS 
  
 
Fig. 3.17. Comparison of results for the same given input. 
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Sequence: 
VLMALGMTDLFIPSANLTGISSAESLKISQAVHGAFMELSEDGIEMAGSTGVIEDI
KHSPESEQFRADHPFLFLIKHNPTNTIVYFGRYWSP 
  
 
Fig. 3.18. Comparison of results for the same given input. 
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Accession ID: 
NP_001034065.1 
  
 
Fig. 3.19. Comparison of results for the same given input. 
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Accession ID: 
XP_004429030.1 
  
 
Fig. 3.20. Comparison of results for the same given input. 
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Accession ID: 
KQL88370.1 
  
 
Fig. 3.21. Comparison of results for the same given input. 
  
 
 
 
CHAPTER IV: Conclusion 
 
 
 
37 
 
 
 
4. CONCLUSION 
Everything changes with time. With the disciplined flow of time, science has also 
progressed with similar restraint. It seems not too long ago, in 1998, Wheaton College 
(Norton, MA) has actively engaged with various modes of interdisciplinary teaching [13]. 
In fact, collaborative pedagogy in the new curriculum is centered on connections, or pairs 
of linked courses that connect significantly different disciplines. The hybridization of 
biology and information technology came long after that, yet the impact of the 
bioinformatics field in our lives is so profound. The growth of biotechnology research has 
yielded a huge database of vast diverse database. Utilizing this database and keeping track 
of it, initially led to bioinformatics. Nowadays data capture, data warehousing and data 
mining have become major issues for biotechnologists and biological scientists due to 
sudden growth in quantitative data in biology, such as, complete genomes of biological 
species, including human genome, protein sequences, protein 3-dimensional structures, 
metabolic pathway databases, cell lines, biodiversity related information. Advancement in 
information technology, particularly Internet is being used to gather, access and 
disseminate the ever- increasing information in biology and biotechnology. In order to keep 
pace with the advancing technology it is required to incorporate the available information 
to all fronts of technological interface available to the world. 
The leading interface that reaches throughout a vast population of the globe is 
undoubtedly smartphones. As per it can be easily grasped how crucial it is to incorporate 
the available databases to a smartphone platform. To make a smartphone based application, 
firstly features needed to be selected and a clear concept of what the application would be 
like was required. In order to bring this goal to life strategic steps had to be taken. Initial 
target was to find the optimal algorithm for DNA or protein sequence alignment and make 
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sure it would work smoothly in a limited resource environment. Tests and comparisons in 
these two criteria led us to the best algorithm suited to the application, which is BLAST. 
The next step was to implement the BLAST algorithm in a suitable language. For this 
implementation Java language was mostly used. The BLAST algorithm was then 
incorporated into an application for smartphones. In order to perform sequence alignment 
the application needed to be connected to the server containing the database full of known 
and partially known protein sequences. This very crucial connection to the server was made 
using XAMPP. Another very important feature, the local alignment was implemented in a 
similar manner. Firstly the Smith-Waterman algorithm was implemented in the language 
java, then it was incorporated to the application as a feature. Blosum62 matrix was used to 
calculate the score. Many difficulties were faced while implementing these steps. One 
significant challenge faced was the server delay and server timing out. Data parsing to the 
main algorithm had to be revised thoroughly to check this problem. After the main features 
were up and running, the interface of the application was made as eye pleasing and user 
friendly as possible. This incredibly convenient application would help researchers 
progress so much faster. No one likes to carry their laptops all the time, here is where the 
application comes in. As it is not feasible to carry a laptop around all the time, the features 
were put so that you may require in something that you do carry all the time. This 
application provides all the vital information needed for research or study such as e-value, 
accession ID, scientific name of the organism. With the advancement of technology the 
processing capabilities and storage capabilities of smartphones has increased almost 
exponentially. Almost everything can be put on a smartphone one day though already it 
has advanced to an ultimate level. 
4.1 Future plans 
 This mobile application has some evolution ground to make in near future. Lots of 
other features are expected to be included in the near future. Some of the features that 
would give this application a major boost in the market are described below. 
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4.1.1 Different platforms 
 For this particular project only Android implemented smartphones were 
considered. After the success, some other platforms are proposed to be tried on. Some of 
these platforms are Windows, iOS.  
4.1.2 Login feature 
 The very first feature that is wished to be included in this mobile application is a 
user login system. This feature will help the user to have a personal record of the searching 
s/he has done over the time in this application. This feature will keep separate information 
of the many different user in the database of the application administrator. 
4.1.3 Saving data to cloud 
 The edition of this feature would be a great help for the researchers that wish to 
save their findings in the cloud so that they can use them later when they are on a computer. 
This will give them the opportunity to save on the cloud. 
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